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Abstract 
Potassium carbonate promoted hydrotalcites are one of the most promising CO2 adsorbents working at 
elevated temperature and pressure. But they suffer from imperfect CO2 capacity in the temperature range 
from 250-400 , atmospheric pressure. In this study, adsorption isotherm is tested in a static adsorption 
rig and dynamic adsorption is realized in a fixed-bed respectively. in blank 
runs is introduced to largely eliminate the effect of bypass the adsorbents at elevated pressure range in 
blank runs. The CO2 adsorption capacity is 51.4  mg/g adsorbent in adsorption isotherm tests (where CO2 
partial pressure is 1.0 MPa) and  at least 62.8 mg/g adsorbent according to dynamic tests (where CO2 
partial pressure is 0.4MPa). 
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1.  Introduction 
Elevated temperature adsorption of CO2 is of interest in pre-combustion carbon capture for integrated 
gasification combined cycle (IGCC) plant where the CO2 adsorption is advantageous due to the high 
partial pressure and concentration of CO2 (CO2 partial pressure approximately 1.2 MPa) but the elevated 
temperature (250-350 ) is a challenging for CO2 adsorption. 
Traditionally, 5A/13X zeolites are appropriate options for low temperature CO2 adsorption (lower than 
100 ) because of considerable capacity and favorable cycle stability. However their adsorption capacity 
reduces with the increase of temperature and selectivity of CO2 drops for the presence of steam (steam 
exists in shift gas in an IGCC power plant). Potassium carbonate promoted (K-promoted) hydrotalcites 
(K-HTlc), are one of the most promising CO2 adsorbents working at elevated temperature[1-2]. Potassium 
carbonate (K2CO3) increases the surface basic site density comparing to pristine HTlc, resulting in 
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enhanced CO2 capacity and faster adsorption kinetics[3-8]. Halabi[9] presented a comparison of the most 
relevant studies of CO2 sorption capacity on K-HTlc, asserting that capacity is lower than 45 mg/g in all 
[10]. All the comparing statistics Halabi used are no higher than 
0.12 MPa, indicating that the elevated pressure CO2 adsorption characteristics are seldom studied in 
previous researches. Therefore, this study focuses on performance of K-HTlc at elevated pressure up to 
1.2 MPa (static results up to 1.2 MPa, and dynamic results 1.0 MPa), and measures the potential adsorbent 
capacity of K-HTlc at elevated pressure levels. 
It should be noted that elevated pressure adsorption characteristics of the sorbent is more difficult to be 
characterized than those at atmospheric conditions. We take the pack-bed as the experimental setup for its 
wide suitability for various pressurized conditions. Moreover, a pack-bed is miniature of industrial gas 
separation column. Malek et al[11] asserted that dynamic column breakthrough (DCBT method) and 
constant flow, equilibrium desorption (CFED) method are two of the most reliable experimental methods 
over wide pressure range. Because slow desorption is required in CFED method, which is time-consuming, 
we select DCBT method in this study. However in most previous study on DCBT, blank run experiments 
are conducted by bypassing the adsorbed fixed-bed, omitting the resistance caused by adsorbents filled in 
fixed-bed, which may be unreliable when pressure is elevated. 
In this research, CO2 adsorption capacity of K-HTlc at high pressure is tested. Adsorption isotherm and 
several breakthrough curves in a fixed-bed (at 300 ) are obtained within CO2 partial pressure range up 
to 1.2 MPa.  Helium gas and argon gas are used to replace CO2 in blank-run experiments because the 
adsorption of He and Ar on K-HTlc can be neglected. He and Ar are called in blank 
runs, largely eliminating the effect of bypass the adsorbents in high pressure range. 
 
2.  Experimental setup 
2.1 Adsorbents and gases 
Adsorbents used to adsorb CO2 are 25 wt.% potassium carbonate impregnated Mg-Al hydrotalcites 
(MG70, Sasol Germany GmbH), denoted as 25 wt.% K-HTlc in the following passage. High-purity H2, 
Ar, and He (99.99%), and purity CO2 (99.99%) are used in experiments. 
Theoretically, the porosity  is determined by the particle density and tap density of the powder. Since 
the irregularity of particles of the calcined powder, we take the calculation porosity cal determined by true 
density and tap density in our calculation, where the true density is measured by a pycnometer 
(Micromeritics, AccuPyc 1330). Thus, we take the true density instead of particle density, and calculation 
porosity cal instead of porosity  in further calculation. 
Tab. 1 shows density parameters of caicined adsorbents used, where porosity is determined by Eq. 1. 
t tap
cal
t
 
 
(1) 
Table 1  Physical parameters of 25wt.% K-HTlc used in all experiments 
Physical parameters Value 
Tap density of  the powder ( tap ) 0.902 g/mL 
Particle density( t ) 2.6907 g/mL 
Porosity ( cal ) 0.665 
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2.2 Static adsorption capacity test rig 
A static adsorption capacity test rig is set up to accommodate high temperature and pressure 
experimental conditions. The diagram of the rig is shown in Fig. 1.  
 
Figure 1. Diagram of the static adsorption capacity test rig 
The volumes of reference bed V1 (including volume of linking tubes) and adsorption bed V2 (including 
volume of linking tubes) had been tested before experiment. 25 wt.% K-HTlc was calcined at 400  for 6 
h to form layered double oxides beforehand, pressed to tables by tablet press machine at pressure of 30 
MPa. In adsorption test, 5 g samples were filled into adsorption bed while keeping the reference one clear. 
First, a blank run was tested to obtain new volume of adsorption bed and its tubes V2*, where He of high 
pressure was introduced into the reference bed and then acquired the equalized pressure when the stop 
valve and needle valve were slightly opened. We repeated that procedure to test adsorption of CO2 by 
replacing CO2 for He and recorded the final equalized pressure 12 h after the adsorption began. Before 
each test, we switched the three-way valve to lower path, vacuuming all beds and tubes. In this study, 5 
experimental points were selected to obtain adsorption isotherm at 300 . 
 
2.3 Dynamic adsorption capacity tests in a fixed-bed reactor 
Dynamic adsorption experiments are conducted in a fixed-bed reactor (denoted as FBR). This FBR is 
11mm in diameter and the adsorption section is 10 cm in height. The structure diagram is shown in Fig. 2. 
In this structure diagram, high pressure gas is depressurized by the pressure regulator to meet the 
experimental pressure demand. Certain mass flow rate is controlled by a mass flow controller (MFC), 
whose value is controlled and displayed on the computer terminal. Two paths of gases are mixed by a gas 
mixer downstream the valves. The fixed-bed was divided to three sections: upper section, middle section 
and lower section respectively. Each of the section is equipped by a temperature control system: a PID 
controlled furnace with a thermal couple detecting temperature. To ensure the favorable pre-heat of the 
incoming gas flow, the adsorbents are loaded in the middle section, where a sieve plate prevents 
adsorbents from leaking downward. A spiral duct heat exchanger and a gas-liquid separator are set 
downstream separate water from main gas. Pressure is detected before the adsorption bed and before back 
pressure regulator. A QIC-20 gas analysis system (Hiden, England) is installed to detect the emission gas 
on-line. To reduce the effect of physic-sorption on ducts, the emission gas is preheated and then 
automatically flows in capillary to the mass spectrometer (vacuum inside). Calibration for accurate results 
is needed before tests. A sample gas with 40% CO2/He/Ar and 60% H2 (three sets of calibrations, two gas 
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components for each) is introduced into the mass spectrometer to calculate the calibration number of 
various gases. The concentration of different gases detected in experiments will be multiplied by the 
 
Figure 2 Structure diagram of FBR 
In this study, 25wt.% K-HTlc was calcined at 400  for 6 h to form layered double oxides, 6 g sample 
powders were used in each trial. First, purified H2 was introduced to purge the fixed-bed. Back pressure 
regulator was appropriately closed in order to keep the pressure in the bed at experimental level. 
Adsorption test would not begin until the contaminated gas concentration in H2 reached no more than 
0.1%, the valve in CO2 path downstream MFC was switched on ensuring 40% vol. CO2 and 60% vol. H2 
were simultaneously fed into the fixed-bed with packed adsorbents. When conducting a blank run through 
packed bed, only CO2 was replaced by He or Ar, other procedure was the same. Blank runs through empty 
bed were similar to that through packed bed, but no adsorbents inside the bed. One or two repeated trials 
were carried out for every experimental condition, and repeated trails were valid when the difference of 
equilibrium capacity q calculated from corresponding curve was less than 5%. 
 
3.  Results and Discussion 
3.1 Static adsorption capacity tests 
The 300  isotherm of 25wt.% K-HTlc is shown in Fig. 3. Five scattered experimental points up to 1.2 
MPa are selected to obtain their 12 h static adsorption capacity. We observe a slight upward trend as the 
pressure increases. The static adsorption capacity is 51.4 mg/g at 0.4 MPa, and 79.4 mg/g at 1.2 MPa. 
Langmuir sorption isotherm (Eq. 2) is deployed to appropriately describe the static adsorption capacity 
at pressure up to 1.2 MPa. The parameters fitted are given in Tab. 3, from which we may speculate that 
the saturated sorption capacity is approximately 129 mg/g. 
1m
q bp
q bp
 
 
(2) 
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Where qm is the saturated sorption capacity, and b is the Langmuir constant. 
 
Table 2  Parameters fitted to the Langmuir isotherm  
qm (mg /g) b (Pa-1) 
128.8793 0.1905 
Figure 3 300  isotherm of 25wt.% K-HTlc 
 
3.2 Dynamic adsorption capacity tests 
3.2.1 Comparison of breakthrough curves of 40% Ar, 60% H2 passing through empty bed and packed bed 
at 300 , 0.1MPa. 
 
Figure 4(left) Breakthrough curves of feed gas passing through empty and packed bed at 0.1 MPa 
Figure 5(right) Breakthrough curves of feed gas passing through empty and packed bed at 1.0 MPa 
Fig. 4 illustrates two breakthrough curves of feed gas passing through empty bed (red) and other two in 
packed bed (blue) at atmosphere pressure. Curves of same experimental conditions reveal good 
reproducibility. The breakthrough curves through empty bed show extreme minute difference from those 
through packed ones. For all four curves almost coincide rigidly, we conclude that the adsorbents may not 
bring about great resistance at atmospheric pressure, blank runs in empty bed show no variance from 
those in packed bed. 
 
3.2.2. Comparison of breakthrough curves of 40% Ar, 60% H2 passing through empty bed and packed bed 
at 300 , 1.0 MPa. 
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Fig. 5 illustrates three breakthrough curves of feed gas passing through empty bed (red) and other three 
in packed bed (blue) at 1.0 MPa. Curves in the same color match with each other well, however 
considerable gap exists between red curves and blue curves. The pressure increase from 0.1 MPa to 1.0 
MPa leads to slower kinetic of the breakthrough curve of feed gas passing through packed bed. We 
conclude that from Fig. 5, bypassing the adsorbents and omitting the resistance caused by packed 
adsorbents, which may be applicable in atmospheric pressure, but unreliable when pressure is elevated to 
1.0 MPa. 
 
3.2.3. Comparison of breakthrough curves of 40% Ar, 60% H2 and 40% He, 60% H2 passing through 
packed bed at 300 , 1.0 MPa. 
 
 
Figure 6(left) Breakthrough curves (40% Ar/40% He in 60% H2) passing through packed bed at 1.0 MPa, 
2 trail tests for each conditions 
Figure 7(right) Breakthrough curves of adsorption test (40% CO2 in 60% H2), blank runs (40% Ar in 60% 
H2 or 40% He in 60% H2) passing through packed bed at 1.0 MPa, 3 trail tests for adsorption test, 2 trail 
tests for blank run 
Fig. 6 illustrates two blank run breakthrough curves of Ar substituting CO2 (blue) passing through 
packed bed and other two He substituting CO2 (green) gas at 1.0 MPa. Curves of the same gas 
components coincide well, but a little difference exists at the initial section of adsorption blank runs for 
He has much larger diffusion coefficient, causing a quicker breakthrough than those of Ar. (Diffusion 
coefficients(cm2/s),  CO2 in H2:0.193, Ar in H2:0.226 , He in H2:0.470 determined by Chapman-Cowling 
equations) 
The impact of diffusion coefficient may not affect change kinetic properties of breakthrough curves. 
Thus, we may deduce that inert gas such as Ar and He are potential substitution gases applying for blank 
run experiments, and Ar is better due to its similarity in diffusion coefficient to CO2.  
 
3.2.4. Test of adsorption capacity of 25%wt K-HTlc at 300 , 1.0 MPa.  
In DCBT method case, the mean residence time is given by Eq.3, and the equilibrium sorption capacity 
q*  is given by Eq.4. 
0
(1 )(1 )
(1 )
ae ai
ai ae
x x dt
x x
 
 
(3) 
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q P xq
V RT
 
(4) 
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Fig. 7 shows breakthrough curves of four blank runs and three adsorption tests at 300 , 1.0 MPa. For 
four blank runs, results are displayed in Tab. 3. We observe He breaks through faster than Ar for its larger 
diffusion coefficient (1500-2500 s section), but kinetically slower afterwards (3000-5000 s section). 
Moreover, the adsorption capacity difference calculated applying Eq. 3 and 4 between these two 
experimental conditions is nearly the same, only 12.7 mg/g. Thus, the diffusion coefficient may not affect 
adsorption capacity to a large extent. 
 
Table 3  Adsorption capacity of  He/Ar in H2 blank runs ( ) 
Trail test No. Blank runs in 40% He and 60% H2 ( )  /(mg/g) 
Blank runs in 40% Ar and 60% H2 ( ) 
/(mg/g) 
1 850.0 888.0 
2 864.3 851.8 
 avg. 857.2 869.9 
All blank runs avg. 863.6 
 
For minimum adsorption calculation, we use Ar in H2 blank run results because Ar is a better 
substitution of CO2 in view of similar diffusion coefficient. Adsorption capacity can be predicted by the 
difference of q obtained by adsorption tests and  obtained by Ar in H2 blank runs. The results are 
displayed in Tab. 4. By subtracting average adsorption capacity  of blank runs from q of adsorption 
tests, we may preliminarily conclude that adsorption capacity of 25wt.% K-HTlc on CO2 is at least 62.8 
mg/g adsorbents. 
 
Table 4  Adsorption capacity of adsorption tests (q) and blank runs ( ) 
Trail test No. Adsorption capacity q of adsorption tests /(mg/g) All blank runs avg./(mg/g) 
Blank runs in Ar/H2 
avg./(mg/g) 
1 927.2   
2 949.6   
3 921.4   
avg. 932.7 863.6 869.9 
 
From dynamic calculation results, we find the capacity (62.8 mg/g) larger than that of static test (51.4 
mg/g), though at lower CO2 partial pressure. We speculate the following possible explanations. For static 
tests, compact tablets are used, test values may not reflect the adsorption capacity of overall adsorbents, 
resulting in smaller capacity for static tests. Moreover, the thermocouple in the rig is placed on the outside 
of adsorption bed rather than rigidly installed inside the bed, causing that temperature detected is high 
than exact value. Therefore, the static adsorption capacity is obtained at lower than 300 , contributing 
to lower test results. On the other hand, the system total pressure is 1.0 MPa for dynamic adsorption, 
dispersed CO2 maybe fully reacted with powder surfaces of adsorbents, contributing to a higher level of 
adsorption. 
 
Conclusion 
This study obtains both static and dynamic CO2 adsorption characteristics of K-HTlc at 1.0 MPa and 
provides a novel substitution gas method to accomplish blank runs at elevated pressure, in this case argon 
is a good substitution option of carbon dioxide at 300 , 1.0 MPa. 
1) In static CO2 adsorption test, the 12h CO2 adsorption capacity at partial pressure 0.4 MPa is 51.4 
mg/g adsorbents. The adsorption isotherm at 300  fits with Langmuir sorption isotherm. The results 
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show that the CO2 capacity of 25 wt.% K-HTlc rises stably with pressure. It further demonstrates the 
potentials for removal of CO2 in IGCC system by Pressure Swing Adsorption (PSA) method with 25 
wt.% K-HTlc adsorbent. 
2) Blank run experiments bypassing the packed bed and omitting the resistance caused by packed 
adsorbents, can be applicable in atmospheric pressure, but unreliable when pressure is elevated. We 
calculate the adsorption capacity of 25 wt.% K-HTlc on CO2 in 3 experimental trails to be 62.8 mg/g 
(minimum) adsorbents. 
3) The results of both static and dynamic tests at same CO2 partial pressure bear difference is largely 
due to the formation of the adsorbents and uncertainty of temperature measurement, but the results in this 
study coincide with those in earlier reports. 
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